COMMUNICATION SYSTEM INCLUDING A WIRE NETWORK 
LINKED WITH ANOTHER NETWORK VIA RADIO WAVES 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit of 
Japanese Patent Application No. 2000-385424 filed on December 19, 
2000, the contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a communication system in 
which a wire communication network is linked with another wire 
communication network or radio devices via radio waves. 

2. Related Art 

It is proposed that a vehicle controls itself for safety based 
on information gathered from various sensors disposed therein and/or 
radars disposed thereon for detecting obstacles around the vehicle. 
However, the radar for detecting obstacles in front can detect only 
the preceding vehicle, that is, it cannot detect vehicles running 
before the preceding vehicle. Therefore a driver should see the 
vehicles in front with his/her own eyes for preventing his/her 
vehicle from being involved in a road traffic accident such as a 
pileup. That is, the control based on the information from the 
radar does not effectively prevent the vehicle from being involved 
in the traffic accident. 

It is further proposed that a driver in a moving vehicle obtains 
information on a traffic jam or the like utilizing vehicle-road 



communication which is performed between on-board equipment { OBE ) 
installed on the vehicle and road-side units (RSUs) provided in 
the vicinity of roads. However, the vehicle sometimes runs out 
of communication area or within an area in which communication with 
the RSU is temporarily impossible. Such an area is formed by, for 
example, other vehicles that shadow the vehicle. When the vehicle 
is stuck in traffic, it may stay out of the communication area for 
a relatively long time. Accordingly, the vehicle is not always 
able to communicate with the RSU, and therefore the driver is not 
necessarily able to obtain the information timely. 

Then it is proposed that vehicle-vehicle communication, which 
is performed between the vehicles, is utilized in order to overcome 
the above problems. If the vehicle-vehicle communication is 
possible, the vehicle can obtain the information fromother vehicles . 
Then the vehicle can control itself based on the obtained information 
so as to prevent itself from being involved in a traffic accident. 
Further a vehicle, which has obtained the information from the RSU 
by the vehicle-road communication, may relay the obtained 
information to another vehicle. Thus the vehicle, which cannot 
communicate with the RSU, can indirectly obtain the information 
provided by the RSU. 

Further, it is proposed that devices, which are installed 
in or brought into the vehicle, are interconnected so that an 
in-vehicle LAN is established. The devices belonging to the 
in-vehicle LAN include vehicle-road communication equipment, 
vehicle-vehicle communication equipment, vehicle navigation 
equipment, a portable information device, ECUs and the like. If 



the in-vehicle LAN is thus established, the devices belonging to 
the in-vehicle LAN can share various information and consequently 
the vehicle can control itself more sophisticatedly . 

Further, the devices belonging to the in-vehicle LAN can 
exchange the various information with devices belonging to another 
in-vehicle LAN established in another vehicle by the vehicle-vehicle 
communication via the vehicle-vehicle communication equipment . As 
a result, the driver or an occupant can obtain highly developed 
information. 

However, the frame format or signal format of a signal 
transmitted via wires are usually different from that of a signal 
transmitted via radio waves. Therefore the vehicle-vehicle 
communication equipment connected to the in-vehicle LAN should 
translate the format of a received signal into the format employed 
by the in-vehicle LAN, and the format of a signal to be transmitted 
into the format for radio communication. The communication 
equipment capable of such translation is complex and expensive. 

SUMMARY OF THE INVENTION 

The present invention has an object to simplify the 
construction of a terminal connected to a wire LAN for radio 
communication with another wire LAN or radio devices. 

According to the present invention, a communication system 
includes a wire communication network and a terminal connected 
thereto for radio communication. In the wire communication network, 
devices are connected by a wire link and communicate a baseband 
signal in a predetermined format with one another via the wire link. 



The terminal is connected to the wire communication network by the 
wire link, and receives the baseband signal from the devices 
belonging to the wire communication network . The terminal modulates 
a carrier wave using the received baseband signal into a transmission 
5 signal without translating the predetermined format of the baseband 

signal into another format. The transmission signal is transmitted 
from the terminal via radio waves. 

Preferably, the wire link is an optical fiber link. In this 
case, the baseband signal received by the terminal is an optical 
10{=fc signal, and the terminal modulates the carrier wave using the 
O received optical signal into the transmission signal without 
O converting the optical signal into an electrical signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

151 3 Other objects, features and advantages of the present 

W invention will be understood more fully from the following detailed 
H description made with reference to the accompanying drawings . In 
the drawings : 

FIG. 1A is a block diagram showing an in-vehicle wire LAN 
20 belonging to a vehicle- vehicle communication system according to 
an embodiment of the present invention; 

FIG. IB is a block diagram showing a terminal connected to 
the in-vehicle wire LAN for vehicle-vehicle communication; 

FIG. 2 is graph representation showing how the transmitter 
25 of the terminal modulates a carrier wave using a signal to be 
transmitted; 

FIG. 3 is a pictorial diagram showing the vehicle-vehicle 



communication system; 

FIG. 4A is a block diagram showing a terminal connected to 
an in-vehicle wire LAN belonging to a vehicle-vehicle communication 
system according to a modification of the embodiment; 

FIG. 4B is a block diagram showing a terminal connected to 
an in-vehicle wire LAN belonging to a vehicle-vehicle communication 
system according to another modification of the embodiment 

FIG. 5A is a pictorial diagram showing a vehicle-road 
communication system provided as another modification of the 
embodiment; 

FIG. 5B is a pictorial diagram showing a communication system 
in which an in-vehicle wire LAN is linked with an in-vehicle wireless 
LAN via radio waves; and 

FIG. 6 is a block diagram showing a modification of the 
in-vehicle wire LAN of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
A vehicle-vehicle communication system according to an 
embodiment of the present invention includes an in-vehicle wire 
LAN established in a vehicle. Referring to FIG. 1A, the in-vehicle 
wire LAN is formed with a plurality of devices connected by optical 
fiber links F in the vehicle C. The devices include 
information/control devices Mx used by an occupant, and terminals 
(vehicle-vehicle communication terminals) Mc for enabling the 
in-vehicle LAN to communicate with another vehicle. 

The information/control devices Mx include vehicle navigation 
eguipment, a TV receiver, an audio apparatus such as a CD player 



or an MD player, and a portable information device such as a cellular 
phone or a notebook computer. The terminals Mc transmit and receive 
electric waves of a radio frequency via antenna units A. 
Specifically, the terminals Mc transmit and receive 
millimeter-waves of 60GHz in the present embodiment. However, 
microwaves of another frequency may be employed instead of the 
millimeter-waves of 60 GHz. The antenna units A are mounted on 
the vehicle, and the communication terminals Mc are provided 
corresponding to the respective antenna units A. 

Each of the information/control devices Mx has a LAN interface 
portion for enabling communication via the optical fiber links F. 
The LAN interface portion includes an electrical-optical (E/O) 
converter, an optical-electrical (O/E) converter, and a transceiver . 
The E/O converter receives an electrical pulse signal, and 
intensity -modulates an optical signal using the received electrical 
pulse signal into an optical pulse signal. The O/E converter 
receives an optical pulse signal , and modulates an electrical s ignal 
using the received optical pulse signal to an electrical pulse signal . 
The transceiver transmits and receives data in a predetermined frame 
format at a predetermined speed (e.g. , 50Mbps) via the optical fiber 
links F. 

The E/O converter includes a laser diode that emits an 
infrared signal of a wavelength of 1.55£dm. The intensity of the 
infrared signal (output signal) varies depending on the voltage 
of the received electrical s ignal ( input s ignal ) . The O/E converter 
includes a photo diode that receives an infrared signal of a 
wavelength of 1.55 JLLm, and outputs an electrical signal. The 
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voltage of the electrical signal (output signal) varies depending 
on the intensity of the received infrared signal (input signal). 

Dispersion shift fibers having a zero dispersion at wavelength 
of 1.55 ju m are employed for the optical fiber links F. 
Alternatively durable plastic optical fibers may be employed for 
the optical fiber links F. In this case, a laser diode which emits 
an optical signal of a wavelength of 0.6 ju.m and a photo diode which 
receives an optical signal of a wavelength of 0.6 ju.m should be 
employed as the E/0 converter and the 0/E converter, respectively. 

The transceiver enables the information/control device Mx 
to communicate with the other information/control devices Mx using 
CSMA/CD (Carrier Sense Multiple Access with Collision Detection) 
technique. That is, the transceiver receives an electrical pulse 
signal (digital baseband signal), which is to be transmitted, and 
outputs it to the E/O converter at a proper time so that the 
corresponding optical pulse signal outputted from the E/O converter 
is successfully transmitted via the optical fiber links F. Further 
the transceiver receives an electrical pulse signal from the O/E 
converter when the corresponding optical pulse signal is received 
via the optical fiber links F. 

However, the in-vehicleLANmay employ a communication control 
technique other than CSMA/CD technique according to the topology 
of the in-vehicle LAN. The in-vehicle LAN may be formed as a star 
network, a ring network, a bus network or the like. 

Referring to FIG. IB, each of the terminals Mc includes a 
transmitter portion 10 and a receiver portion 20. The transmitter 
portion 10 includes a light amplifier 11, a light controlled 



oscillator (LCO) 12, an amplifier 13, and a band pass filter (BPF) 
14. 

The light amplifier 11 receives, via the optical fiber link 
F, an optical pulse signal to be transmitted via radio waves, and 
amplifies it. The amplified optical signal is applied to the LCO 
12. The LCO 12 nominally oscillates at a radio frequency of 60GHz, 
and its oscillation frequency is shifted by an amount according 
to the intensity of the applied optical signal. 

Referring to FIG. 2, the intensity of the optical signal 
corresponding to bit data '0' is lower level, while the intensity 
of the optical signal corresponding to bit data ' 1 ' is higher level. 
Therefore the oscillation frequency is shifted into a lower frequency 
or a higher frequency. Thus a signal of 60GHz generated by the 
LCO 12 is FSK (frequency shift keying ) -modulated using the optical 
signal from the light amplifier 11 into a signal of the lower frequency 
or the higher frequency, and the resultant signal is outputted from 
the LCO 12. 

The amplifier 13 amplifies the signal outputted from the LCO 
12. The undesired frequency component of the amplified signal is 
eliminated through the BPF 14. Then the signal outputted from the 
BPF 14 is transmitted to another vehicle via the transmitting antenna 
31 of the antenna unit A. 

The receiver portion 20 includes a BPF 21, an amplifier 22, 
a detector/demodulator 23, an amplifier 24, and an E/0 converter 
25. The E/O converter is the same as that included in the LAN 
interface portions of the information/control devices Mx. 

The receiver portion 20 receives a signal of 60GHz via the 
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receiving antenna 32 of the antenna unit A, and the undesired 
frequency component of the received signal is eliminated through 
the BPF 21. The amplifier 22 amplifies the signal outputted from 
the BPF 21 . The detector/demodulator 23 demodulates the amplified 
signal into an electrical pulse signal. The amplifier 24 amplifies 
the electrical pulse signal, and then the E/0 converter 25 converts 
the amplified electrical pulse signal into an optical pulse signal. 
The optical pulse signal is transmitted from the E/O converter 2 5 
over the optical fiber link F. 

The LCO 12 of the transmitter portion 10 is an oscillator 
that includes a HEMT (High Electron Mobility Transistor) module 
and oscillates at a radio frequency. The HEMT module includes one 
or more InAlAs/InGaAs type HEMTs. The HEMT module is arranged so 
that the optical pulse signal amplified by the light amplifier 11 
is applied to the HEMTs . The frequency characteristic of the HEMT 
varies depending on the intensity of the optical pulse signal applied 
thereto. Therefore the oscillation frequency of the LCO 12 shifts 
by an amount of several dozen MHz in response to the applied optical 
signal. 

The light amplifier 11 is constructed so that its gain is 
adjustable. That is, the intensity range of the optical signal 
applied to the LCO 12 is adjustable. In the present embodiment, 
the gain of the light amplifier 11 is adjusted so that the intensity 
of the optical signal varies within a predetermined range. 

An amplifier that includes a low noise amplifier (LNA) and 
a limiting amplifier is employed as the amplifier 22 of the receiver 
portion 20, because the amplifier 22 should amplify a signal that 



is low level and fluctuates largely. 

Further, an asynchronous detector, which asynchronously 
converts the shift amount of the frequency of the received signal 
directly into a voltage, may be employed as the detector /demodulator 
23. Alternatively, a synchronous detector, which demodulates the 
received FSK signal using a signal that has the same frequency as 
the central frequency of the received signal and is inphase with 
the received signal, may be employed as the detector/demodulator 
23. Further the detector/demodulator 23 may down-convert the 
received signal of a radio frequency into a signal of an intermediate 
frequency (IF) before it demodulates the received signal. 

Thus, the terminal Mc receives an optical pulse signal, and 
modulates a carrier wave using the received optical pulse signal 
into a transmission signal to be transmitted via radio waves without 
converting the received optical signal into an electrical signal 
and without translating the frame format of the received optical 
pulse signal. That is, the present communication system employs 
the same frame format for both of the wire communication and radio 
communication. It is preferable that a frame format that includes 
error-correcting code is employed. Further it is preferable that 
a frame format for radio communication, in which relatively many 
bits of the frame are assigned to the error-correcting code, is 
employed for both of the wire communication and radio communication. 

Referring to FIG. 3, the antenna units A are arranged on the 
front end, the rear end and both sides of the vehicle, respectively. 
However, more or less antennas may be employed. Highly directive 
antennas are employed as the transmitting antenna and the receiving 



antenna of each of the antenna units A so as to enable the corresponding 
terminal Mc to perform one-to-one communication with a vehicle in 
a predetermined communication area. The communication area is a 
sector area defined by two lines that have a predetermined length 
and cross at the position of the antenna unit A at a predetermined 
angle. 

The antenna units A arranged on the front end and rear end 
of the vehicle enable the in-vehicle LAN to stably perform 
vehicle-vehicle communication with the preceding vehicle and the 
following vehicle running in the same direction. The antenna units 
A arranged on both sides of the vehicle enable the in-vehicle LAN 
to stably perform vehicle-vehicle communication with vehicles 
running in the same direction in the next lanes. 

The antenna unit A arranged on the front end of the vehicle 
further enables the in-vehicle LAN to perform vehicle-vehicle 
communication with a vehicle running intheopposite lane immediately 
before the vehicles pass each other. The antenna unit A arranged 
on the rear end of the vehicle further enables the in-vehicle LAN 
to perform vehicle-vehicle communication with an oncoming vehicle 
running in the opposite lane immediately after the vehicles pass 
each other. Thus, the in-vehicle LAN can obtain information that 
was obtained by the oncoming vehicle . The oncoming vehicle obtained 
the information at a place that is ahead of the vehicle in which 
the in-vehicle LAN is installed. 

In FIG. 3, the direct vehicle-vehicle communication is 
possible between the vehicles CI and C2 , between the vehicles C2 
and C3, between the vehicles C4 and C5, and between the vehicles 
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CI and C4. That is, the direct vehicle-vehicle communication is 
impossible between the other pairs of the vehicles C1-C5 . However, 
the in-vehicle LANs of the respective vehicles C1-C5 are linked 
serially via radio waves in the order C3-C2-C1-C4-C5 , so that they 
together form a single LAN. 

Then each of the information/control devices Mx belonging 
to the in-vehicle LAN can communicate with the information/control 
devices belonging to another in-vehicle LAN in the same manner as 
it communicates with the information/control devices Mx belonging 
to the same in-vehicle LAN. In this way, the information/control 
devices Mx in a plurality of vehicles exchange and share various 
information. 

In the present vehicle-vehicle communication system, the 
terminal Mc receives an optical pulse signal via the optical fiber 
link F, and FSK-modulates a carrier wave using the received optical 
pulse signal into a transmission signal without converting the 
received optical pulse signal into an electrical signal and without 
translating the frame format of the received optical signal as 
described above. Accordingly, the construction of the terminal 
Mc can be simplified. Asaresult, theterminalMc can be miniaturized 
and manufactured inexpensively. 

Further in the present vehicle-vehicle communication system, 
the optical fiber links F are employed for connecting the devices 
Mx, Mc in the in-vehicle LAN as described above. Therefore signals 
can be transmitted at a high speed within the in-vehicle LAN. 
Moreover, each of the devices Mx, Mc is immune to electrical noises 
generated in the other devices Mx, Mc, because the devices Mx, Mc 

12 



are electrically isolated from one another by the optical fiber 
links F. Further optical fiber links Fare not required to be equipped 
with shields for isolating electrical noises , because the electrical 
noises are not superimposed on the optical fiber links F. As a 
result, wiring which forms the optical fiber links F is simplified. 

In the present vehicle-vehicle communication system, 
microwaves, especially millimeter-waves, are employed for the 
vehicle-vehicle communication, because the microwaves have a 
tendency to propagate rectilinearly . In the case that the 
millimeter-waves are employed, communication areas corresponding 
to the respective antenna units A can be successfully overlapped 
with one another, because the millimeter-waves are superior in 
attenuation property. Accordingly the millimeter-waves are 
suitable for employing for the vehicle-vehicle communication that 
is performed between vehicles which are at a short distance from 
each other. 

(Modifications ) 

In the above embodiment, the terminal Mc may employ another 
transmitter portion 10a as shown in FIG . 4A instead of the transmitter 
portion 10 of FIG. IB. The transmitter portion 10a includes an 
O/E converter 15, an electric amplifier 16, and a voltage controlled 
oscillator (VCO) 17 instead of the light amplifier 11 and the LCO 
12. 

The 0/E converter 15 receives an optical pulse signal via 
the optical fiber link F, and converts the received optical pulse 
signal into an electrical pulse signal. The amplifier 16 amplifies 
the electrical pulse signal outputted from the 0/E converter 15. 
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A signal generated by the VCO 17 is FSK-modulated using the output 
signal of the amplifier 16, and the resultant signal is outputted 
from the VCO 17. 

Moreover, the terminal Mc may employ another transmitter 
portion 10b as shown in FIG. 4B instead of the transmitter portion 
10 of FIG. IB. The transmitter portion 10b includes an oscillator 
18 and a variable amplifier 19 instead of the LCO 12 and the amplifier 
13. 

The oscillator 18 oscillates at a constant frequency. The 
optical pulse signal amplified by the light amplifier 11 is applied 
to the variable amplifier 19, and the gain of the amplifier 19 varies 
depending on the intensity of the amplified optical pulse signal. 
The variable amplifier 19 amplifies the output signal of the 
oscillator 18, so that the output signal of the oscillator 18 is 
amplitude-modulated using the optical pulse signal. An amplifier 
that includes one or more HEMTs similarly to the LCO 12 of FIG. 
IB may be employed as the variable amplifier 19. The frequency 
characteristic of the HEMTs varies depending on the intensity of 
the applied optical signal. 

Moreover, in the above embodiment, the in-vehicle LAN may 
be linked with a network or radio devices other than an in-vehicle 
LAN established in another vehicle via the terminals Mc . For example , 
the in-vehicle LAN may be linked with RSUs K installed in the vicinity 
of roads as shown in FIG. 5A. In this case, vehicle-road 
communication is performed via the terminals Mc, and the 
information/control devices Mx should be able to handle a signal 
in the frame format employed by the vehicle-road communication. 
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Each of the RSUs K includes an antenna ATk and the body Bk. 
Further, the RSUs K may belong to a wire communication network which 
further includes a control station S. That is, the in-vehicle LAN 
may be linked with the wire communication network established in 
the vicinity of the road via the terminals Mc. In this case, a 
device which has the same construction as the terminal Mc is employed 
as the body Bk of the RSU K. 

Furthermore, the in-vehicle LAN may be linked with an 
in-vehicle wireless LAN established in the same vehicle via the 
terminals Mc as shown in FIG. 5B. The in-vehicle wireless LAN 
includes a base station Md and radio information/control devices 
My. the radio information/control devices My are linked with one 
another via the base station Md. Therefore the radio 
information/control devices My can communicate with one another 
via radio waves within in-vehicle wireless LAN. 

According to the present modification, the 
information/control devices Mx, My belonging to the in-vehicle wire 
LAN and the in-vehicle wireless LAN together form a single LAN. 
That is, each of the information/control devices Mx belonging to 
the in-vehicle wire LAN can communicate with the information/control 
devices My belonging to the in-vehicle wireless LAN in the same 
manner as it communicates with the information/control devices Mx. 

In the above embodiment, it is preferable that the terminal 
Mc is connected to the in-vehicle wire LAN via a router R for routing 
as shown in FIG. 6, because the in-vehicle wire LAN may perform 
vehicle-vehicle communication with wire LANs of relatively many 
vehicles. If the router R is connected between the 
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information/control devices Mx and the terminal Mc, a signal which 
should be transmitted within the in-vehicle LAN is prevented from 
being transmitted to another in-vehicle LAN. As a result, the load 
on the terminal Mc is reduced and traffic congestion in the 
communication system is prevented. Further the router R prevents 
traffic congestion in the in-vehicle LAN. 

In the above embodiment and modifications , devices other than 
the devices used by the occupant of the vehicle may be included 
in the in-vehicle wire LAN as the information/control devices Mx. 
For example, ECUs for controlling the vehicle may be included in 
the in-vehicle wire LAN. 

In the above embodiment and modifications, a signal 
transmitted within the in-vehicle LAN may be an analog baseband 
signal such as an audio signal or a video signal instead of a digital 
baseband signal. In this case, in the terminal Mc, a carrier wave 
is amplitude-modulated or frequency-modulated using the analog 
signal when the analog signal is transmitted via radio waves. 

If the internet protocol (IP) is employed by the in-vehicle 
LAN in the above embodiment and modifications, either of IPv4 and 
IPv6 may be employed for assigning IP addresses to the 
information/control devices Mx. 

In the above embodiment and modifications, the in-vehicle 
wire LAN may be linked with any combination of another in-vehicle 
LAN, RSUs, and an in-vehicle wireless LAN. 

Further in the above embodiment and modifications, the 
communication system may be used for communication other than the 
vehicle communication. For example, a wire LAN established by 



connecting computers in an office may be linked with a wireless 
LAN established in the same office via the terminals Mc. 

The present invention is not limited to the above embodiment 
and modifications, but may be variously embodied within the scope 
of the invention. 
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